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@ Speed change control method of an automotive automatic transmission. 



(57) A speed change control method of an auto- 
motive automatic transmission in which a tur- 
bine rotational speed is caused to change 
toward a synchronous rotational speed as- 
sociated with a desired gear stage by engaging 
a connection-side clutch whQe disengaging a 
release-side clutch, to thereby carry out gear- 
changing. To reduce a speed change shock, a 
speed change time is rendered stabilized irres- 
pective of vehicle running state, by carrying out 
feedback control (Step S76) such that the 
time-dependent change rate (Ns)' of a rotational 
speed difference between clutch plates and 
clutch discs of the connection-side clutch be- 
comes equal to a target slip rotational speed 
change rate (Ni)'. 



FIG. 1 
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BACKGROUND OF THE INVENTION 

The present invention relates to a speed change 
control method of an automatic transmission for mo- 
tor vehicles. 

Automatic transmissions installed in motor vehi- 
cles comprise a plurality of frictionaJ engaging ele- 
ments, such as hydraulic multiple disc clutches and 
hydraulic brakes. To carry out shift change or gear- 
changing operation, these clutches and brakes are 
selectively rendered operative. That is, engagement 
of one of the elements is released whfle a different 
element is engaged. 

When upshift from the first speed to the second, 
for instance, is effected in an automatic transmission, 
tho engagement of a clutch for establishing the first 
speed is released, while a clutch for establishing the 
second speed is engaged, to thereby carry out 
changeover of clutch connection such that a change 
rate (Nt) v of the rotational speed of an input shaft of 
the automatic transmission, Le., the rotational speed 
change rate of a turbine of a torque converter, de- 
creases along a target change rate. In this case, the 
turbine rotational speed Nt decreases from a first- 
speed synchronous rotational speed N1 to reach a 
second-speed synchronous rotational speed N2, 
both when a vehicle is in a constant-speed running 
state and when it is in an accelerative running state, 
as shown in FIG. 10. 

On the other hand, when downshift from second 
to first is effected, the engagement of the clutch for 
establishing the second speed is released and the 
clutch for establishing the first speed is engaged, to 
carry out changeover of clutch connection such that 
a change rate (Nt)' of the rotational speed Nt of the 
turbine increases along a target change rate. In this 
case, the turbine rotational speed Nt increases from 
the second-speed synchronous rotational speed N2 
to the first-speed synchronous rotational speed N1 
both when the vehicle is in a constant-speed running 
state and when it is in a decelerative running state. 

Meanwhile, as shown in FIGS. 10 and 11, the 
first- and second-speed synchronous rotational 
speeds N1 and N2 increase when the vehicle is in an 
accelerative state (FIG. 10), and decrease when the 
vehicle is in a decelerative state (FIG. 11), although 
these speeds are maintained substantially at con- 
stant when the vehicle runs at a constant speed. 

According to the aforementioned conventional 
speed change method, however, when the clutch 
connection is changed over, the changeover is car- 
ried out in such a manner that the change rate (Nt)* of 
the turbine rotational speed Nt becomes equal to a 
predetermined target change rate. As a result, a time 
period (speed change time) required for the turbine 
rotational speed Nt to change from one at start of 
speed change to an associated one of the synchron- 
ous rotational speeds changes in dependence or ve- 



hicle running state. (The speed change time decreas- 
es by ATu and A in FIGS. 10 and 11, respectively, as 
compared with a case wherein the vehicle runs at 
constant speed). 
5 . Thus, in the case of upshift during the accelera- 
tive running state of the vehicle, for instance, the syn- 
chronous rotational speed N2 increases toward the 
decreasing turbine rotational speed Nt As a result, 
the speed change time becomes short, so that the 
10 turbine rotational speed Nt is suddenly synchronized 
with the synchronous rotational speed N2. This caus- 
es a problem such that a great speed change shock 
occurs. In the case of downshift during the decelera- 
tive running state, wherein the synchronous rotation- 
is al speed N1 decreases toward the increasing turbine 
rotational speed Nt, the speed change time also be- 
comes short, as in the case of the aforesaid upshift, 
to cause the turbine rotational speed Nt to be sudden- 
ly synchronized with the synchronous rotational 
20 speed N1 . Thus, the problem of a great speed change 
shock is presented. 

OBJECTS AND SUMMARY OF THE INVENTION 

25 The present invention was created to solve the 

above-described problems, and an object thereof is to 
provide a speed change control method for an auto- 
motive automatic transmission, which method is ca- 
pable of making the aforesaid speed change time 

30 substantially constant, irrespective of vehicle running 
state. 

According to the present invention, there is pro- 
vided a speed change control method which is ap- 
plied to an automotive automatic transmission having 

35 a first frictionaJ engaging element for establishing a 
first gear stage, a second frictional engaging element 
for establishing a second gear stage, a first electro- 
magnetic valve for controlling an operating oil pres- 
sure supplied to the first frictional engaging element, 

40 and a second electromagnetic valve for controlling an 
operating oD pressure supplied to the second friction- 
al engaging element In this method, the first and sec- 
ond electromagnetic valves are controlled such that 
the first frictionaJ engaging element having been en- 

45 gaged is released and the second frictional engaging 
element having been released is engaged, to carry 
out gear-changing from the first gear stage to t he sec- 
ond gear stage. 

This speed change control method comprises the 

so steps of: detecting a rotational speed of an input shaft 
of the automatic transmission; detecting a rotational 
speed of an output shaft of the automatic transmis- 
sion; detecting, as a slip rotational speed change rate, 
a difference between a change rate of the input shaft 

55 rotational speed and a product which is obtained by 
multiplying a change rate of the output shaft rotational 
speed by a gear ratio associated with the second gear 
stage; and carrying out feedback control of the sec- 
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ond electromagnetic valve such that the slip rotation- 
al speed change rate becomes equal to a target value. 

Preferably, the speed change control method fur- 
ther includes the steps of: detecting, as an asyn- 
chronous point, a time point at which the input shaft 
rotational speed of the automatic transmission starts 
to be deviated from a rotational speed corresponding 
to the first gear stage; detecting, as a synchronous 
point a time point at which the input shaft rotational 
speed is regarded as reaching a rotational speed to 
be achieved in the second gear stage; and carrying 
out the feedback control from the asynchronous point 
to the synchronous point 

More preferably, the speed change control meth- 
od further includes the steps of: detecting, as a first 
product, a product of the output shaft rotational speed 
and a gear ratio associated with the first gear stage; 
detecting, as a second product, a product of the out- 
put shaft rotational speed and the gear ratio associ- 
ated with the second gear stage; detecting, as the 
asynchronous point, a time point at which a difference 
between the input shaft rotational speed and the first 
product becomes greater than a predetermined val- 
ue; and detecting, as the synchronous point, a time 
point at which a difference between the input shaft ro- 
tational speed and the second product becomes 
equal to or less than a predetermined value. Further, 
an initial duty factor with which the second electro- 
magnetic valve is driven is set when the asynchron- 
ous point is detected, and is corrected in accordance 
with a difference between the slip rotational speed 
change rate and the target value. 

Preferably, the target value for each of speed 
change modes of the automatic transmission is set, 
and is corrected in accordance with a running state 
of the vehicle. 

The present invention is advantageous in that the 
input shaft rotational speed is changed toward the 
synchronous rotational speed associated with a de- 
sired gear stage such that the time-dependent 
change rate of the difference in rotational speed be- 
tween an engaging member and an engaged member 
of the second frictional engaging element becomes 
equal to the target slip rotational speed change rate, 
to thereby make a speed change time, i.e., a time per- 
iod from the start of speed change to the time point 
at which the input shaft rotational speed is synchron- 
ized with the synchronous rotational speed associat- 
ed with the desired gear stage, substantially con- 
stant, regardless of a change in the synchronous ro- 
tational speed caused by accelerative or decelerate 
vehicle running. As a result, the speed change time 
is maintained at approximately constant irrespective 
of vehicle running state, whereby a reduction in speed 
change shock is achieved. 

These and other objects and advantages will be- 
come more readily apparent from an understanding of 
the preferred embodiment described below with ref- 



erence to the following drawing figures. 
BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The invention wfll become more fully understood 
from the detailed description herein below with refer- 
ence to the accompanying figures, given by way of il- 
lustration only and not intended to limit the present in- 
fo vention in which: 

FIG. 1 is a schematic view showing the arrange- 
ment of an automotive automatic transmission for 
embodying a speed change method according to 
the present invention; 
is FIG. 2 is a schematic view showing the arrange- 

ment of part of a gear train in a gear transmission 
of FIG. 1; 

FIG. 3 is a sectional view showing a clutch of FIG. 
2; 

20 Fig. 4 is a schematic view showing the arrange- 
ment of part of a hydraulic circuit for operating 
clutches shown in FIGS. 2 and 3; 
FIG. 5 is a flowchart showing procedures for up- 
shift control from first to second, executed by a 

25 controller shown in FIG. 1 ; 

FIG. 6 is part of a feedback control subroutine 
executed in Step S76 of FIG. 5; 
FIG. 7 is a flowchart which follows FIG. 6; 
FIG. 8 is a view showing a time-dependent 

30 change in turbine rotational speed Nt in a case 
where upshift from first to second is carried out 
by means of the speed change control method of 
the present invention; 

FIG. 9 is a view showing a time-dependent 
35 change in turbine rotational speed Nt in a case 

where downshift from second to first is carried 
out by the speed change control method of the 
present invention; 

FIG. 10 is a view showing a time-dependent 
40 change in turbine rotational speed Nt in a case 

where upshift from first to second is carried out 
by means of a conventional speed change control 
method; and 

FIG. 11 is a view showing a time-dependent 
45 change in turbine rotational speed Nt in a case 
where downshift from second to first is carried 
out by the conventional speed change control 
method. 

50 DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 fllustrates a schematic arrangement of an 
automative automatic transmission to which a speed 
change control method according to the present in- 
55 vention is applied. In the figure, reference numeral 1 
denotes an internal combustion engine, the output of 
which is transmitted to drive wheels (not shown) 
through an automatic transmission 2. 

Trie automatic transmission 2 comprises a torque 
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converter 4, a gear transmission 3, a hydraulic circuit 
5, a controller 40, and other elements. The gear trans- 
mission 3 includes a gear train of, e.g., a four-forward 
and one-reverse type, and a plurality of speed- 5 
change frictional engaging means for effecting a 
speed change through the selection of a gear ratio of 
the gear train. The speed-change frictional engaging 
elements include, e.g., hydraulic clutches and hy- 
draulic brakes. 10 

FIG. 2 illustrates part of the gear transmission 3. 
First and second driving gear wheels 31 and 32 are 
rotatably disposed around a rotary shaft 3a, and hy- 
draulic clutches 33 and 34, as the speed-change fric- 
tional engaging elements, are secured between the 15 
first driving gear wheel 31 and the rotary shaft 3a and 
between the second driving gearwheel 32 and the ro- 
tary shaft 3a, respectively. Hie driving gear wheels 
31 and 32, when engaged with the clutches 33 and 
34, respectively, rotate together with the rotary shaft 20 
3a. 

An intermediate transmission shaft 35 extends 
parallel with the rotary shaft 3a and is coupled to a 
drive axle via a final reduction gear, not shown. First 
and second driven gear wheels 36 and 37 are secured 25 
to the intermediate transmission shaft 35 and are in 
mesh with the driving gearwheels 3i and 32, respec- 
tively. 

Thus, when the clutch 33 is in engagement with 
the first driving gear wheel 31 , rotation of the rotary 30 
shaft 3a is transmitted to the intermediate transmis- 
sion shaft 35 through the clutch 33, the first driving 
gear wheel 31, and the first driven gear wheel 36, 
thereby establishing a first speed, for example. When 
the clutch 34 is engaged with the second driving gear 35 
wheel 32, rotation of the rotary shaft 3a is transmitted 
to the intermediate transmission shaft 35 via the 
clutch 34, the second driving gearwheel 32, and the 
second driven gear wheel 37, thereby establishing, 
e.g., a second speed. 40 

When the first-speed clutch 33, which is then en- 
gaged, is disengaged while the second-speed clutch 
34 is engaged, the automatic transmission 2 upshifts 
from the first speed to the second speed. Conversely, 
when the second-speed clutch 34, which is then en- 45 
gaged, is disengaged whOe the first-speed clutch 33 
is engaged, the automatic transmission 2 downshifts 
from the second speed to the first speed. 

The clutches 33 and 34 each comprise a hydraul- 
ic multiple disc clutch, and a section of the first-speed 50 
clutch 33 is illustrated in FIG. 3. The clutch 33 com- 
prises a plurality of frictional engaging plates 50 which 
are composed of a plurality of clutch plates (engaging 
plate) 50a disposed for rotation in unison with the ro- 
tary shaft 3a, and a plurality of clutch discs (engaged 55 
plate) 50b disposed for rotation in unison with the first 
driving gear wheel 31. When operating oil is intro- 
duced from an oil passage 14, mentioned later, into 
the clutch 33 through a port 51 , a piston 52 moves for- 



ward to establish frictional engagement between the 
clutch plates 50a and the clutch discs 50b. When the 
piston 52 moves backward due to the action of the re- 
turn spring 53, with the operating oil discharged to the 
ofl passage 14 through the port 51, the engagement 
between the clutch plates 50a and the clutch discs 
50b is released. 

The engagement of the clutch 33 can be fully re- 
leased by bringing the frictional engaging plates 50 to 
a standby position. In the standby position, there are 
enough clearances between the clutch plates 50a 
and the clutch discs 50b of the frictional engaging 
plates 50, to thereby prevent production of the so-cal- 
led drag torque. Conversely, to engage the clutch 33, 
it is necessary to effect the so-called dead space 
elimination operation for moving the clutch plates 50a 
and the clutch discs 50b through an ineffective stroke 
and up to a position at which the clearances become 
approximately zero, that is, a position just short of the 
position where the frictional engagement occurs. Ac- 
cordingly, the dead space elimination operation re- 
quires an ineffective time period Tf. 

In releasing the engagement of the clutch 33, on 
the other hand, a hydraulic pressure release time is 
required from the start of discharge of the operating 
oD from the clutch 33 to the time at which a hydraulic 
pressure force becomes smaller than an urging force 
produced by the return spring 53, to thereby allow the 
clutch plates 50a and the clutch discs 50b to start to 
separate from one another. 

Meanwhile the clutch 34, which has the same 
structure as the clutch 33, also requires a predeter- 
mined dead space elimination time IT and a hydraulic 
pressure release time TO*. Hereinafter, those ele- 
ments for the clutch 34 are shown by reference nu- 
merals marked with the symbol 

The hydraulic circuit 5 includes duty-controlled 
solenoid valves (hereinafter merely referred to as 
"solenoid valves"), associated with the respective 
speed-change frictional engaging means, for actuat- 
ing the corresponding frictional engaging means, i.e., 
clutches and brakes, independent of one another. 
These solenoid valves are operated in a similar man- 
ner to actuate the corresponding clutches or brakes, 
and therefore, only a solenoid valve 11 for operating 
the clutch 33 will be described with reference to FIG. 
4, and a description of the solenoid valve 11* for op- 
erating the clutch 34 is omitted. 

FIG. 4 Olustrates part of the hydraulic circuit 5 
which includes the solenoid valve 11 for supplying hy- 
draulic pressure to the clutch 33. The solenoid valve 
22 is a normally-closed two-position changeover 
valve having three ports 11a to 11c. 

The first port 11a is connected to a first oil pas- 
sage 1 3 extending to an oil pump (not shown). A pres- 
sure regulating valve or the like, not shown, is ar- 
ranged midway in the first oil passage 13, to supply 
operating oil of predetermined pressure (line pres- 
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sure). 

The second and third ports 11b and 11c are con- 
nected, respectively, to a second oil passage 14 ex- 
tending to the hydraulic clutch 33, and a third oO pas- 
sage 1 5 extending to an oil tank (not shown). Orifices 
16 and 17 are provided in the middle of the second 
and third oil passages 14 and 15, respectively. The 
flow passage area of the orifice 16 in the second oil 
passage 14 is greater than that of the orifice 17 pro- 
vided in the third ofl passage 15. An accumulator 18 
is arranged in the second oil passage 14 between the 
clutch 33 and the orifice 16. 

The solenoid valve 11 is electrically connected to 
the controller 40 and is subjected to duty-factor con- 
trol at intervals of a predetermined cycle. When a sol- 
enoid 11e of the solenoid valve 11e is de-energized , 
a valve plug 11f is urged by a return spring 11g, where- 
by the communication between the first and second 
ports 11a and 11b is blocked. When the solenoid 11e 
is energized, the valve plug 11f lifts against the force 
of the return spring 11g, whereby the first and second 
ports 11a and 1 1 b are connected with each ot her. The 
second port 11b and the third port 11c are always in 
communication with each other. 

The controller 40 includes therein memories such 
as a ROM and a RAM, a central processing unit, in- 
put/output devices, counters, etc., none of which are 
shown. Various sensors such as an Nt sensor 21, an 
No sensor 22, a 8 t sensor 23, etc., are electrically 
connected to the input side of the controller 40. 

The Nt sensor 21 is a turbine speed sensor for de- 
tecting the rotational speed Nt of the turbine of the tor- 
que converter 4 (i.e., the input shaft of the automatic 
transmission 2), and the No sensor 22 is a transfer 
drive gear speed sensor for detecting the rotational 
speed No of a transfer drive gear (i.e., the output shaft 
of the automatic transmission 2), not shown. The con- 
troller 40 calculates a vehicle speed V based on the 
rotational speed No. The 8 t sensor 23 is a throttle 
opening sensor for detecting the opening 6 1 of a throt- 
tle valve arranged in an intake passage, not shown, 
of the engine 1 . These sensors 21 to 23 supply detec- 
tion signals to the controller 40 at predetermined in- 
tervals of time. 

The controller 40 causes the automatic transmis- 
sion 2 to perform a gear change operation or shift 
change in accordance with control procedures stored 
in the memory. More specifically, the controller 40 
continuously monitors signals supplied from the Nt 
sensor 21, No sensor 22, 6 sensor 23, etc., and dis- 
criminates a gear suited for the running state of the 
vehicle based on these signals. If it is concluded that 
upshrfting, e.g., from the first speed to the second 
should be made, the controller 40 performs the 
changeover operation between the f rst-speed clutch 
33 and the second-speed clutch 34, to thereby effect 
the upshift 

With reference to FIGS. 5 - 7 together with FIG. 



8, a speed change control procedure for upshift from 
first to second during an accelerative running state of 
a vehicle will be described. Amain routine for upshift 

5 control shown in FIG. 5 is repeatedly executed with a 
predetermined period until the upshift is completed, 
when the necessity of upshift is recognized by the 
controller 40. 

First, in Step S70 of FIG. 5, the controller 40 dis- 

10 criminates whether or not the hydraulic pressure re- 
lease for the first-speed clutch 33 and the dead space 
elimination operation for the second-speed clutch 34 
are completed. If the decision in this step is negative, 
the program proceeds to Step S71 wherein the con- 

15 trailer 40 releases the engagement of the first-speed 
clutch 33 (causes discharge of hydraulic pressure), 
and effects the dead space elimination operation. 
Thereupon, the execution of the main routine is fin- 
ished. 

20 More specifically, the solenoid valve 11 for con- 

trolling the first-speed clutch 33 is driven with a duty 
factor of 0% so that hydraulic pressure is rapidly re- 
leased from the clutch 33 while the solenoid valve 
1 V for controlling the second-speed clutch 34 is driv- 

25 en at with a duty factor of 1 00% so that full pressure 
is supplied to the clutch 34. 

Thereafter, t ho controller 40 repeatedly executes 
the main routine, so as to effect and complete the dis- 
engagement of the first-speed clutch 33 and the dead 

30 space elimination operation of the second-speed 
clutch 34. 

Upon completion of the disengagement of the 
first-speed clutch 33 and the dead space elimination 
operation of the second-speed clutch 34, the discrim- 

35 ination conditions at Step S70 are satisfied, so that 
the program proceeds from Step S70 to Step S72. 

At Step S72, the controller 40 reads a gear ratio 
K1 associated with the first speed or first gear and a 
gear ratio K2 associated with the second speed from 

40 the memory. The gear ratio K1 is employed for deter- 
mining a first-speed synchronous rotational speed, 
mentioned later, by multiplying a rotational speed No 
of the output shaft by the gear ratio K1 . The gear ratio 
K2 is employed for determining a second-speed syn- 

45 chronous rotational speed, mentioned later, by multi- 
plying the output shaft rotational speed No by the 
gear ratio K2. 

Next, the program proceeds to Step S73 wherein 
the controller 40 determines whether or not the rota- 

so tional speed Nt of the turbine comes off the first- 
speed synchronous rotational speed N1. Specifically, 
the controller 40 obtains the product of the output 
shaft rotational speed No and the gear ratio K1, ob- 
tains the absolute value of the difference between 

55 the resultant product and the turbine rotational speed 
Nt, and determines whether or not this absolute value 
exceeds 50 rpm (I Nt - K1 x No I > 50 rpm). 

Immediately after the disengagement of the first- 
speed clutch 33 and the dead space elimination op- 
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eration for the second-speed dutch 34 are complet- 
ed, the decision in Step S73 is negative, so that the 
program proceeds to Step S74 wherein the controller 
40 executes a pre-shift operation for the first- and 5 
second-speed clutches 33 and 34 in accordance with 
a predetermined procedure. 

Here, a brief explanation of the pre-shift opera- 
tion is given. After completion of the dead space elim- 
ination operation of the second-speed clutch 34, the 10 
second-speed solenoid valve 11' is driven with a pre- 
determined duty factor until a asynchronous state 
with respect to the first-speed synchronous rotational 
speed is detected, so as to hold the piston at a posi- 
tion assumed by the position upon completion of the 15 
dead space elimination operation. The first-speed 
solenoid valve 11 is driven with a predetermined duty 
factor, so that the piston rs held ata position just short 
of the position at which torque transmission through 
the first-speed clutch 33 is started. 20 

Then, the controller 40 repeatedly executes the 
process of Step S74 until it is concluded in Step S73 
that the turbine rotational speed Nt is asynchronous 
with the first-speed synchronous rotational speed 
N1. 25 

The turbine rotational speed Nt in this state is re- 
garded as being the same as the first-speed syn- 
chronous rotational speed N1. The turbine rotational 
speed Nt changes as shown in FIG. 8 when the vehi- 
cle is in an accelerative running state, and changes 30 
as shown in FIG. 9 in a decelerative running state. 

If the decision in Step S73 is positive, that is, if it 
is concluded that the turbine rotational speed Nt is 
asynchronous with the first-speed synchronous rota- 
tional speed N1 (T1 in FIG. 8), on the other hand, the 35 
program proceeds to Step S75 wherein the controller 
40 determines whether or not the turbine rotational 
speed Nt has attained the second-speed synchron- 
ous rotational speed N2. 

Specifically, the controller 40 obtains the product of 40 
the output shaft rotational speed No and the gear ratio 
K2, further obtains the absolute value of the difference 
between the resulting product and the turbine rotational 
speed Nt, and determines whether or not this absolute 
value is not larger than the predetermined decision 45 
value (e.g.. 50 rpm) ( I Nt - K2 x No I ^ 50 rpm). 

Immediately after the turbine rotational speed Nt 
becomes asynchronous with the first-speed syn- 
chronous rotational speed N1, the decision in Step 

575 is negative, so that the program proceeds to Step so 

576 wherein the controller 40 executes a subroutine 
for feedback control shown in FIGS. 6 and 7, thereby 
effecting feedback control of the turbine rotational 
speed Nt 

At Step S81 of FIG. 6, the controller 40 first ob- 55 
tains the turbine rotational speed changing rate (Nt)', 
a time differential of the turbine rotational speed Nt, 
on the bass of the turbine rotational speed Nt previ- 
ously detected and the rotational speed Nt currently 



detected, and then obtains the output shaft rotational 
speed changing rate (No) 1 , a time differential of the 
output shaft rotational speed No, on the basis of the 
output shaft rotational speed No detected previously 
and the rotational speed No currently detected. The 
symbols (Nt) v and (No)' respectively represent the 
time differentials of the rotational speeds Nt and No. 
Other time differentials will be represented in a similar 
manner. 

Thereafter, at Step S82, the controller 40 sub- 
tracts the product ofthe output shaft rotational speed 
changing rate (No)' and the gear ratio K2 from the tur- 
bine rotational speed changing rate (Nt)', thereby ob- 
taining an actual slip rotational speed changing rate 
(Ns) v ( = (Nt)' - K2(No)'). The slip rotational speed 
changing rate (Ns)', which represents the time-based 
changing rate of the difference in rotational speed be- 
tween the clutch plates 50a' and clutch disks 50b' of 
the second-speed clutch 34, is represented as a func- 
tion ofthe product of the rate (No)' and the gear ratio 
K2 which product reflects influence of a change in ve- 
hicle speed. Accordingly, it is possible to complete a 
speed change operation in a desired speed change 
time period even if the vehicle is in an accelerative or 
decelerative running state. 

If the vehicle is in a constant-speed running state 
wherein the rate (No)' is zero, it seems that the speed 
change control cannot bo achieved by the present in- 
vention. Actually, however, the rate (No)' hardly be- 
comes just zero, and thus it is possible to effect the 
speed change control. If the vehicle is in an acceler- 
ative or decelerative running state wherein the rate 
(No)' is large, the speed change control produces re- 
markable effects. 

Then, the program proceeds to Step S83 wherein 
the controller 40 reads the initial duty factor DaO for 
the second-speed solenoid valve 11'. Further, the 
program proceeds to Step S84 wherein the controller 
reads a target slip rotational speed changing rate 
(Ni)'. The initial duty factor DaO is an optimum duty 
factor for start of feedback. The initial duty factor DaO 
and the target slip rotational speed changing rate 
(Ni)' are set beforehand in a manner respectively cor- 
responding to various modes, which include upshift 
from first to second and from second to third, etc., 
downshift from second to first and from third to sec- 
ond, etc, and a power on/off state. Moreover, the 
duty factor and the changing rate may be corrected 
in accordance with the vehicle running state which is 
represented by the vehicle speed, throttle opening, 
A/N, etc 

Thereafter, the program proceeds to Step S90 of 
FIG. 5 wherein the controller 40 obtains the duty fac- 
tor correction value A Da for the second-speed sole- 
noid valve 1 1 ' on the basis of the difference between 
the actual slip rotational speed changing rate 
(Ns)' and the target slip rotational speed changing 
rate (Ni)'. Amethod of computing the correction value 
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A Da is not specifically limited, and various computa- 
tion methods used for the conventional PID control 
may be applied to the computation. Then, the pro- 
gram proceeds to Step S91 wherein the correction s 
value A Da is added to the initial duty factor DaO, and 
the resulting sum is set as a current duty factor Da. 

Next the controller 40 drives the second-speed 
solenoid valve 11' with the duty factor Da (= DaO + 
A Da), at Step S92, and delivers an output to drive the 10 
first-speed solenoid valve 11 with the duty factor of 
0%, at Step S93, whereby feedback control is effect- 
ed such that the slip rotational speed changing rate 
(Ns)' becomes equal to the target slip rotational 
speed changing rate (Ni)\ 15 

The controller 40 repeatedly executes the main 
routine of FIG. 5 including Step S76 at which the sub- 
routine shown in FIGS. 6 and 7 is executed, thereby 
continuing the feedback control so as to bring the slip 
rotational speed changing rate (Ns)' to be equal to the 20 
target slip rotational speed changing rate (Ni)\ 

If the decision in Step S75 becomes positive as 
the feedback control is advanced, the controller 40 
determines that the turbine rotational speed Nt is syn- 
chronized with the second-speed synchronous rota- 25 
tional speed N2 (T2 of FIG. 8), so that the program 
proceeds to Step S77. 

As apparent from FIG. 8, a time period required 
for the turbine rotational speed Nt to become syn- 
chronized with the second-speed synchronous rota- 30 
tion rate N2, i.e., time (T2 - T1), is substantially con- 
stant between a case wherein the second-speed syn- 
chronous rotational speed N2 is substantially con- 
stant when the vehicle runs at constant speed and a 
case wherein the rotational speed N2 increases when 35 
the vehicle runs in an accelerative state. 

The reason for this is that the slip rotational 
speed changing rate can be consider as being a rel- 
ative amount between the input-side of the friction 
element and the output-side thereof at which a 40 
change in the vehicle speed is reflected. That is, if the 
slip rotational speed changing rate for constant-speed 
running of the vehicle is stored as the target slip ro- 
tational speed changing rate, the clutch 34 is control- 
led such that the rotational speed changing rate be- 45 
tween the engaging-side (dutch plates 50a') and en- 
gaged-side (clutch discs 500*) of the clutch 34 be- 
comes equal to the target value, even when the syn- 
chronous rotational speed increases due to the accel- 
erative running of the vehicle, for instance. This so 
makes it possible to complete speed change in the 
same speed change time period, as compared with a 
case wherein the vehicle runs at constant speed. 

(Meanwhile, according to the conventional feed- 
back in which the input shaft rotational speed chang- 55 
ing rate is controlled to a target value, the aforemen- 
tioned problem is found since the input shaft rotation- 
al speed is controlled such that its changing rate is al- 
ways equal to the target value even when the syn- 



chronous rotation aJ speed changes, if the input shaft 
rotational speed changing rate for constant-speed 
running is stored as the target value.) 

At Step S77, the controller 40 sets the duty fac- 
tors Da and Dr of the second- and first-speed sole- 
noid valves 11 ' and 11 at 100% and 0%, respectively, 
and delivers the same. Thus, the second-speed 
clutch 34 is fully engaged, and the first-speed clutch 
33 is entirely disengaged, whereby the upshift of the 
automatic transmission 2 from first to second is finish- 
ed. 

After executing the aforesaid process of Step 
S77, the controller 40 finishes the main routine, 
whereupon it postpones the execution of the main 
routine, and stands by until it recognizes the neces- 
sity of the next shift change. 

In the embodiment, the case where upsh'rfting 
from first to second is effected in the automatic trans- 
mission 2 has been explained. However, the present 
invention is not limited to this upshift mode. Upshift- 
ing from second to third, etc. can. be carried out in the 
same manner. Also, downshift in the automatic trans- 
mission 2 can be carried out in a similar manner. In 
this case, a time period required for speed change, 
i.e., time (T2 - T1), for the decelerative running state 
is substantially equal to that for the constant-speed 
running state, as shown in FIG. 9. 

Moreover, in the embodiment, the second-seed 
clutch 34 is feedback-controlled. However, the first- 
speed clutch 33 may be feedback-controlled, as in the 
aforesaid case, in dependence on power on/off state 
of the engine 1. 

From the above-described embodiment of the 
present invention, it is apparent that the present in- 
vention may be modified as would occur to one of or- 
dinary skill in the art without departing from the spirit 
and scope of the present invention which should be 
defined solely by the appended claims. All such mod- 
ifications as would be obvious to one of ordinary skill 
in the art should not be regarded as a departure from 
the spirit and scope of the invention, and should be 
included within the scope of the invention as defined 
solely by the appended claims. 



Claims 

1. Aspeed change control method of an automotive 
automatic transmission having afirstfrictional en- 
gaging element for establishing a first gear stage, 
a second frictional engaging element for estab- 
lishing a second gear stage, a first electromag- 
netic valve for controlling an operating oil pres- 
sure supplied to the first frictional engaging ele- 
ment, and a second electromagnetic valve for 
controlling an operating oil pressure supplied to 
the second frictional engaging element, said 
method controlling the first and second electro- 
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magnetic valves such that the first factional en- 
gaging element having been engaged is released 
and the second frictiona! engaging element hav- 
ing been released is engaged, to carry out gear- 5 
changing from the first gear stage to the second 
gear stage, said method comprising the steps of: 

detecting a rotational speed of an input 
shaft of the automatic transmission; 

detecting a rotational speed of an output io 
shaft of the automatic transmission; 

detecting, as a slip rotational speed 
change rate, a difference between a change rate 
of the input shaft rotational speed and a product 
which is obtained by multiplying a change rate of 15 
the output shaft rotational speed by a gear ratio 
associated with the second gear stage; and 

carrying out feedback control of the sec- 
ond electromagnetic valve such that the slip ro- 
tational speed change rate becomes equal to a 20 
target value. 

2. The speed change control method according to 
claim 1, further including the steps of: 

detecting, as an asynchronous point, a 25 
time point at which the input shaft rotational 
speed of the automatic transmission starts to be 
deviated from a rotational speed corresponding 
to the first gear stage; 

detecting, as a synchronous point, a time 30 
point at which the input shaft rotational speed is 
regarded as reaching a rotational speed to be 
achieved in the second gear stage; and 

carrying out the feedback control from the 
asynchronous point to the synchronous point 35 

3. The speed change control method according to 
claim 2, further including the steps of. 

detecting, as a first product, a product of 
the output shaft rotational speed and a gear ratio 40 
associated with the first gear stage; 

detecting, as a second product, a product 
of the output shaft rotational speed and the gear 
ratio associated with the second gear stage; 

detecting, as the asynchronous point, a 45 
time point at which a difference between the input 
shaft rotational speed and the first product be- 
comes greater than a predetermined value; and 

detecting, as the synchronous point, a 
time point at which a difference between the input 50 
shaft rotational speed and the second product 
becomes equal to or less than a predetermined 
value. 

4. The speed change control method according to 55 
claim 1, further including the step of: 

setting the target value for each of speed 
change modes of the automatic transmission. 



5. The speed change control method according to 
claim 1, further including the step of: 

correcting the target value in accordance 
with a running state of the vehicle. 

6. The speed change control method according to 
claim 2, further including the steps of. 

setting an initial duty factor with which the 
second electromagnetic valve is driven, when the 
asynchronous point is detected; and 

correcting the initial duty factor in accor- 
dance with a difference between the slip rotation- 
al speed change rate and the target value. 

7. A speed change control apparatus for an automo- 
tive automatic transmission having a first frictiorv 
al engaging element for establishing a first gear 
stage, a second frictiona! engaging element for 
establishing a second gear stage, a first electro- 
magnetic valve for controlling an operating oil 
pressure supplied to the first frictiona] engaging 
element, and a second electromagnetic valve for 
controlling an operating oil pressure supplied to 
the second fictional engaging element, said 
method controlling the first and second electro- 
magnetic valves such that the first fnctional en- 
gaging element having been engaged is released 
and the second fnctional engaging element hav- 
ing been released is engaged, to carry out gear- 
changing from the first gear stage to the second 
gear stage, the apparatus comprising: 

means for detecting rotational speed of an 
input shaft of the automatic transmission; 

means for detecting rotational speed of an 
output shaft of the automatic transmission; 

means tor detecting, as a slip rotational 
speed change rate, a difference between a 
change rate of the input shaft rotational speed 
and a product which is obtained by multiplying a 
change rate of the output shaft rotational speed 
by a gear ratio associated with the second gear 
stage; and 

means for carrying out feedback control 
of the second electromagnetic valve such that 
the slip rotational speed change rate becomes 
equal to a target value. 
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FIG. 3 
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